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1

AIR-COOLED MOTOR CONTROLLER FOR
CONTROLLING AT LEAST ONE ELECTRIC
MOTOR AND METHOD FOR
CONTROLLING A FAN OF A
CORRESPONDING MOTOR CONTROLLER

CROSS-REFERENCE TO RELATED
APPLICATION

This application claims foreign priority benefits under 335
US.C. § 119 to German Patent Application No.
102020105961.2 filed on Mar. 3, 2020, the content of which

1s hereby incorporated by reference in 1ts entirety.

TECHNICAL FIELD

The present mvention refers to an air-cooled motor con-
troller for controlling at least one electric motor, said motor
controller comprising a heat-sink and a variable-speed fan
for cooling passive and active components of the motor
controller by means of an air stream generated by the fan.
The invention concerns fan control means of a correspond-

ing motor controller and a fan control method for controlling
the speed of the fan.

BACKGROUND

In prior art, closed-loop fan controllers for air-cooled
motor controllers are known to comprise a proportional-
integral (PI) controller. The PI-controller regulates the speed
(duty cycle) of a fan of the motor controller by determining
the difference between a heat-sink temperature reference and
a measured heat-sink temperature of a heat-sink of the motor
controller.

By measuring the heat-sink temperature, 1t 1s possible,
firstly, to indirectly estimate the temperatures of the com-
ponents of the motor controller and, secondly, to control the
temperatures of said components by adjusting the cooling air
stream generated by the fan accordingly. As a result, the
lifetime of components of the motor controller such as active
and passive components, and 1n particular active compo-
nents mounted on the heat-sink, can be enhanced.

Furthermore, motor controllers are known in the art,
which comprise model-based feedforward fan controllers,
which use a heat-sink temperature reference, a measured
temperature ol the heat-sink and the losses 1 a power
module of the motor controller. The power-module losses
may be calculated using voltage and current measurements
and component models. Utilizing the power-module losses
allows for achieving a faster control loop for cooling the
motor controller components, as the actual power loss and
therefore heat dissipation of some components 1s considered
directly. The fan i1s therefore controlled more directly 1n
dependence on the temperatures of components, which
require cooling, thereby achieving lifetime improvements of
the corresponding power module.

In the both cases of prior-art devices cited above, the
focus of the fan control characteristics 1s the power module
and the heat-sink, even though passive devices or passive
components may be cooled by the air stream for the heatsink
as a side eflect.

A problem of the motor controllers known from the art 1s
that, they take into account temperatures of components
such as power modules, but do not directly take into account
the temperatures of other sensitive passive and active com-
ponents of the motor controller. This means that, known
motor controllers may operate such passive and active
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components at suboptimal conditions and therefore cannot
ensure their optimized 1.e. longest possible lifetimes.

SUMMARY

The present invention aims at overcoming this problem by
means of an air-cooled motor controller according to claim
1 and a process for controlling a corresponding air-cooled
motor controller according to claim 10. Preferable embodi-
ments ol the invention are described in the dependent
claims.

According to the invention, an air-cooled motor controller
for controlling at least one electric motor 1s provided, said
motor controller comprising a heatsink and a variable speed
fan for cooling passive and active components of the motor
controller by means of an air stream generated by the fan.
The controller combines a first controller with a second
controller for controlling the fan 1n a coupled control struc-
ture, wherein

the first controller sets a base speed of the fan (D, ) based
on the characteristics of the active components attached to
the heat-sink, and wherein

the second controller 1s fed by the power loss of at least
one passive component of the motor controller for adding an
additional speed contribution to said base speed of the fan.
The additional speed contribution may be a speed ripple of
the fan (D, variation) to the fan speed at a varying power
loss of said passive component.

In a preferred embodiment, said first controller 1s a simple
proportional-integral controller (PI controller) as known in
the art of control engineering, while said second controller
1s a simple proportional controller (P controller).

The Pl-controller may be responding to the difference
between a heatsink-temperature reference (1,,,.,.,) and a
measured heat-sink temperature (1, .). The P-controller
may be responding to the power loss of a passive component
of the motor controller.

In another preferred embodiment, the heat-sink-tempera-
ture reterence (1,,,,,,) tor the first controller is a tunction of
the ambient temperature of the motor controller. In particu-
lar, the mathematical relation between the ambient tempera-
ture and the heat-sink-temperature reference may be deter-
mined according to degradation laws of active devices.

The variable-speed fan comprises an electric fan motor
for dniving the fan. The electric fan motor 1s different from
the electric motor controlled by the motor controller.
Whereas the electric fan motor may be a sub-component of
the motor controller, which usually may be a small motor
provided at or within the housing of the motor controller, the
main motor controlled by the motor controller may usually
be an external motor of greater size and used for conducting
work outside the motor controller, such as rotating a shaft
load, which could be a pump, a fan, a compressor efc.

The base speed of the vanable-speed fan set by the first
controller may be understood as a desired speed, defined by
the needed cooling of the motor controller from a heat-sink
perspective and the cooling performance of the fan. This
desired speed defined by the first controller may be altered
or corrected by the output of the second controller, which
depends on the power loss of at least one passive component
of the motor controller. The power loss of the passive
component may be calculated by the current flowing through
it, or by a current being an indication of the current passing
through 1t. The loss calculation could be as simple as using
the square of the current flowing through the device times its
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ohmic resistance. Any 1maccuracy related to the calculation
can be compensated by the final tunming of the second
controller.

The overall desired speed of the fan therefore depends on
the outputs of both, the first controller and the second
controller. The first controller outputs a signal, which con-
trols the fan to turn at some base speed, depending on the
above-mentioned difference between the heat-sink tempera-
ture reference and a measured heat-sink temperature. The
second controller corrects the output of the first controller,
such that the combined output signals of the first controller
and the second controller are more eflective at controlling
the fan speed to minimize the temperature swing of the at
least one passive component at a varying power loss of said
passive component.

The present invention takes 1into account the power loss of
at least one of the passive components of the motor con-
troller. As the power loss corresponds to the heat generation
and therefore temperature of the passive component, the fan
1s controlled as a function of the temperature of the relevant
component. The mvention therefore makes 1t possible to
mimmize the temperature swing of said passive component
using a single fan and a single fan controller at cyclic
operation of the motor controller, while at the same time
handling the cooling of a power module adequately for
optimizing the overall lifetime of said motor controller. The
invention makes it also possible, to minimize the tempera-
ture swing of other components of the motor controller.

According to a preferable embodiment of the mvention,
the at least one passive component 1s a magnetic, capacitive
or resistive device, such as a RFI choke, a coil, an inductor,
a capacitor, a filter, in particular a 2”? order RFI filter, a
transformer and/or a combination of the mentioned compo-
nents. Additionally or alternatively, ligher or lower order
RFI filters may be used as passive components 1n the context
of the present invention. In simple embodiments one or more
RC, RL and/or RLC filters may be provided.

The above-mentioned components can be arranged in
series. For example, the mput side of the second controller
may be connected directly or indirectly first, to a 2% order
filter, and second, to another 27 order filter or to another of
the above-mentioned passive components. If an indirect
connection 1s provided between the second controller and
one or more of the passive components, one or more
summing points may be used, 1in particular for enabling and
recombining multiple filtering steps.

According to another preferable embodiment of the
invention, the first controller includes the heat-sink tempera-
ture reterence (1,,,,,.,), which 1s a function of the ambient
temperature (1 _.) of the motor controller. The first con-
troller may receive a signal representative of the difference
between the heat-sink-temperature reference and the actual
temperature of the heat-sink (T, .) through a second sum-
ming point. The heat-sink-temperature reference may be
determined from the measured ambient temperature by
means of a look-up table or some other mathematical
component provided directly or indirectly for the first con-
troller. In particular, the look-up table may be derived from
a degradation law for active devices 1n a power module, such
as the LESIT curve as known 1n the art, while considering
start/stop temperature-swing eilects of said motor controller.

Accordingly, the heat-sink-temperature reference may
vary 1n dependence of the ambient temperature of the motor
controller. For example, the heatsink-temperature reference
may increase linearly with increased ambient temperature of
the motor controller. The ambient temperature may be
measured by some thermometer device provided at or near
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the motor controller. Alternatively, the ambient temperature
may be calculated from a thermal model of the motor
controller combined with a loss model of the motor con-

troller and for example the measured heat-sink temperature
T

sink-

According to another preferable embodiment of the
invention, the output of the second controller 1s added to the
output of the first controller, the output of the first controller
corresponding to the base duty cycle set by heat-sink and
power-module characteristics. However, the output of the
first controller only takes into account the temperature of the
passive component indirectly and 1n a time-delayed manner.
In a worst-case operating condition of the motor controller,
the first controller does not experience that, the power loss
of a passive device in the motor controller varies, if the
power-module losses remain essentially constant. This
would be the case for a motor controller operated at variable-
speed operation cycle with constant output current 1_,, (see
FIG. 2) to the motor, when the targeted passive device 1s or
the target passive devices are situated in the rectifier side of
the motor controller and being stressed by eflects of the
speed-dependent rectifier current 1. (see FIG. 2) 1n this
case.

Accordingly, the passive component and possibly further
components of the motor controller are not maintained at
ideal temperatures by the fan. Adding the output of the
second controller to the output of the first controller helps to
overcome the above-mentioned limitations.

According to another preferable embodiment of the
invention, the sum of the outputs of the second controller
and the first controller 1s passed through a limit block before
being passed to the fan, wherein in a particularly preferable
embodiment, the limit block sets a minimum and/or maxi-
mum value of the speed of the fan (D, ), said mmimum and
maximum values being functions of the overall design of the
motor controller. The minimum and/or maximum value of
the speed or average speed of the fan may depend on the type
of electric fan motor driving the fan, the size of the fan or
other parameters and/or design aspects of the motor con-
troller.

According to another preferable embodiment of the
invention, a tuning algorithm for the first and second con-
trollers shall ensure that, the overall lifetime of the motor
controller 1s optimized at both cyclic and non-cyclic opera-
tion of the motor controller considering both passive and
active devices. Hence, the output of the first controller or the
base speed of the first controller shall essentially equal the
average speed of the fan and rnipple speed related to power-
loss variation of the power module. The output of the second
controller shall essentially equal the ripple speed of the fan
related to the power-loss variation of a passive device or
passive devices at both cyclic and non-cyclic operation of
the motor controller. Said passive device or passive devices
may be subjected to the airstream of the fan.

According to another preferable embodiment of the
invention, the at least one passive component 1s placed
directly 1n the air stream generated by the fan. The position
of the passive component may be chosen such that the
passive component 1s provided within a volume defined by
a projection of the outer circumierence of the fan, wherein
the projection 1s directed in a direction perpendicular to the
plane defined by the fan turning direction.

The passive component may be selected to be a compo-
nent, which 1s particularly sensitive to overheating. Addi-
tionally or alternatively, the passive component may be
selected to be a component of the motor controller, which,
among all components of the motor controller, 1s known to
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generate the greatest or nearly the greatest temperature rise

and/or to be most susceptible to damage from overheating
and temperature swings.

According to another preferable embodiment of the
invention, the air stream passes through the heat-sink, said
heat-sink having active devices attached to it. Additionally
or alternatively, the motor controller may comprise a single
fan.

According to another preferable embodiment of the
invention, a tuning algorithm of the coupled first controller
and second controller optimizes the overall lifetime of the
motor controller at cyclic and/or non-cyclic operation of said
motor controller.

The mvention 1s also directed at a process according to
claim 10. The process controls an electric fan motor of an
air-cooled motor controller according to any of claims 1 to
9. The process comprises controlling of the fan motor by
combining the outputs of a first controller with a second
controller, wherein

as an output, the first controller sets a base speed of the fan

(D), said base speed being based on the difference
between a heat-sink temperature reterence (T, and
a measured heat-sink temperature (T, .), and wherein
as an 1put, the second controller 1s fed the power loss of
at least one passive component of the motor controller.

In general, the process may comprise any additional
teatures and steps, which are described with reference to the
air-cooled motor controller.

In particular, the presently described process may include
a Pl-controller as the first controller, said PIl-controller
responding to the difference between a heat-sink-tempera-
ture reference (1,,,,., and a measured heat-sink tempera-
ture (1;,0).

Furthermore, the process may comprise a P-controller as
the second controller, said P-controller responding to the
power loss of a passive component of the motor controller.

The heat-sink-temperature reterence (T;,,,.,) for the first
controller may be a function of the ambient temperature of
the motor controller, wherein, preferably, the mathematical
relation between the ambient temperature and the heatsink-
temperature reference 1s determined according to degrada-
tion laws of active devices.

BRIEF DESCRIPTION OF THE DRAWINGS

Further details and advantages of the invention are
described with reference to the following figures.

FIG. 1: shows a block diagram of the control used for
controlling the electric motor fan of the motor controller;

FIG. 2: shows a schematic view of the motor controller in
connection with an external motor; and

FIG. 3: shows a schematic layout view of a motor
controller with respect to possible components exposed to a
fan-induced airstream 1n a cooling channel of the motor
controller.

DETAILED DESCRIPTION

The block diagram of FIG. 1 refers to the control layout
for controlling the electric-motor fan 16 of the present
invention’s air-cooled motor controller, wherein the fan 16
1s shown 1n FIG. 2. The entire motor controller 1s not shown
in FIG. 1, as additional components of the motor controller,
such as those shown 1n FIG. 2, may correspond to any motor
controllers known from the art.

An air-cooled motor controller according to the invention
may comprise control architecture represented by the block
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diagram shown in FIG. 1. The motor controller 1s used for
controlling at least one electric motor 14 as shown 1n FIG.
1. The motor 14 may be used 1n an industrial application.

The motor controller may comprise one or more heat
sinks 23 and one or more variable speed fans 16 for cooling
passive and active components of the motor controller by
means ol an air stream generated by the fan 16.

The fan 16 may generate a cooling airstream from the
outside of the motor controller into 1ts inside being directed
towards heated components of the motor controller by the
shape of the air channel or cooling channel. The controller
may combine ¢.g. a PI-controller as a first controller 7 with
¢.g. a P-controller as a second controller 4 for controlling the
fan 16. The Pl-controller passes an output into the electric
fan 16 motor, which 1s aimed at generating a base speed of
the fan 16 (D, ) based on the diflerence between a heat-sink
temperature reterence (1,0 and a measured heat-sink
temperature (T, .). The diflerence between the heat-sink
temperature reference (1,,,,., and the measured heat-sink
temperature (T, .) 1s determined at the second summing
point 6. The P-controller 1s fed by the power loss of at least
one passive component of the motor controller and the
output of the P-controller 1s added to the output of the
PI-controller to generate a combined control signal for
controlling the electric fan 16 motor.

The at least one passive component feeding the P-con-
troller with 1ts power loss 1s a magnetic, capacitive or
resistive device, such as a RFI choke, a coil, an inductor, a
capacitor, a filter, in particular a 2”¢ or higher order RFI
filter, a transformer and/or a combination of the mentioned
components. In case a combination of the mentioned com-
ponents 1s employed for generating an 1put signal corre-
sponding to the power loss occurring at said components, the
components may be arranged 1n series, in parallel or in any
necessary way with respect to each other. The passive
component 1s not shown in FIG. 1 but its mnput nto a first
1¥-order filter 1 and a second 1°’-order filter 2 is indicated
on the top left of FIG. 1 by an arrow depicting the power loss
input into the 1*-order filters 1, 2 arranged in the upper
branch of the P-controller. Although two 1°’-order filters 1,
2 are shown m FIG. 1, the present motor controller may
comprise more than two filters, only one filter or 1t may
comprise no filters at all, connecting the second controller 4
to one or more other passive components instead. In case
two filters 1, 2 are used, the output of said filters 1, 2 may
be combined at a first summing point 3 prior to its input nto
the second controller 4. The reference to filters 1, 2 may
comprise filters of any order, even though 1° order filters
may be mentioned 1n the description or shown in the figures.

Although not shown 1 FIG. 1, the at least one passive
component may be placed directly in the air stream gener-
ated by the fan 16, maximizing the heat dissipation away
from the passive component. Additionally or alternatively,
the air stream may pass through the heat sink 23. The passive
component and the heat sink 23 may be arranged 1n parallel
or 1n series with respect to each other and to the air stream
generated by the fan. According to the present mnvention, a
single fan 16 or a plurality of fans 16 may be used. The
heat-sink 23 may comprise active and/or passive devices
attached to 1t, thereby further facilitating their cooling.

The first controller 7 1s shown 1n a lower branch of FIG.
1 and includes the heat-sink temperature reterence (1,1,
which 1s a function of the ambient temperature (T, ) of the
motor controller. The motor controller may comprise some
thermometer device for establishing the ambient tempera-
ture, said thermometer device not being shown 1n the figure.
Alternatively, the ambient temperature may be calculated
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from a model of the motor controller. The ambient tempera-
ture may be provided indirectly to the first controller 7, in
that a heat-sink temperature reference 1s determined from
the ambient temperature first, via e.g. a lookup table S, and
a value representative of the heat-sink temperature reference
1s passed on to the first controller 7.

The output of the second controller 4 1s added to the
output of the first controller 7 at the third summing point 8
in FIG. 1. The output of the first controller 7 corresponds to
the base duty cycle or desired fan 16 speed set by heat-sink
23 and power-module characteristics.

The sum of the outputs of the second controller 4 and the
first controller 7 1s passed through a limit block 9 belore
being passed to the fan 16 as D, .. The limit block 9 may set
a minimum and/or maximum value of the speed of the fan
16 (Dg,,), said minimum and maximum values being func-
tions of the overall design of the motor controller. The
mimmum and/or maximum values of the fan 16 speed are set
by corresponding minimum and/or maximum output values,
¢.g. current and/or voltage values, passed through the limait
block 9.

The motor controller may be equipped with a single fan
16. Alternatively, the motor controller may comprise two or
more fans 16, which may be a least partially controlled 1n the
presently described manner. The fan 16 1s controlled to
optimize the lifetime of passive and/or active components
inside the motor controller.

Passive components of the motor controller can typically
comprise magnetic, capacitive or resistive devices, such as
¢.g. a RFI choke or similar. The passive components may be
placed directly 1n an air stream passing through a heat sink
23 said heat sink 23 having active devices attached to 1t. As
an example, the active devices could be IGBTs and diodes
contained 1n a power module. The present invention aims at
mimmizing the temperature swing of an active device and an
active device using a single fan 16 and a single fan controller
17 at cyclic operation of the motor controller. The fan
controller 17 can be understood to comprise some or all of
the components shown in FIG. 1, i particular the first
controller 7 and the second controller 4.

As shown 1n FIG. 1, the present invention may combine
a conventional PI-controller as a first controller 7 aiming to
set a base speed or duty cycle (D, ) of the vaniable speed fan
17 by the difference between a heat-sink temperature refer-
ence (1,;,4,.,) and a measured heat-sink temperature (Tm k)
with a P-controller as second controller 4 aiming at mini-
mizing the temperature swing of a passive device. The first
controller 7 includes a temperature reference T, -of the
heatsink 23, said temperature reference being a ﬁmctlon of
the ambient temperature T . of the motor controller.

A first part of the present invention improves the lifetime
of both, the power module and passive devices of the motor
controller, 1n particular at start/stop power cycling by 1ntro-
ducing a dependency of the ambient temperature of the
motor controller to the first controller. Additionally, the
output of the second controller 4 1s added to the base duty
cycle set by the heat-sink 23 and power-module character-
istics. The second controller 4 1s fed by the power loss of a
passive device, such as a RFI choke 22, in the motor
controller. By utilizing simple first-order filter blocks 1n a
preferred embodiment, the aim of the second controller 4 1s
to vary the fan speed cyclically, around the average value set
by the first controller 7 and 1n phase with the cyclic
variations of the power loss of the passive device.

This minimizes the temperature swing ol the passive
device and optimizes its lifetime 1n terms of solder joints etc.
The tuning of the first-order filters determines the frequency
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range in which the second controller 4 shall respond to
variation of the losses 1n the passive device. For those skilled
in the art, solder-joint degradation 1s especially sensitive to
variations in the minute range and upwards. The sum of the
outputs of the second 4 and first 7 controller may be passed
through a limit block 9 before being sent to the fan 16. The
limit block 9 may set a minimum and maximum value of
D, being a tunction ot the overall design ot the motor
controller.

FIG. 2 shows a schematic view of the motor controller 1n
connection with an external motor 14, driving e¢.g. a shaft

load 15. The motor controller controls the motor 14 and may
comprise an RFI filter 10, a rectifier 11, a DC-link 12 as well

as an 1nverter 13, connected to each other. The inverter 13
may provide an output into the motor 14, controlling the
desired movement of the motor 14. The mverter 13 may
turther be connected to the controller 17 for controlling the
fan 16, meaning that the same controller handles both the
inverter control and the fan control. The controller 17 may
comprise the first controller 7 and the second controller 4, as
described above. The inverter control part of 17 1s well
known to those skilled in the art.

FIG. 3 shows a schematic layout view of a motor con-
troller. A cooling fan 24 1s controlled by the motor controller
in the above-described manner, receiving a signal D, . A
first component of the motor controller positioned down-
stream ol the fan 24 may be the heat sink 23, to which the
power module 21 may be attached. Said power module 21
may comprise active devices ol the motor controller.

A RFI choke 22 may be provided in parallel to the
heat-sink 23 with respect to the airflow generated by the fan
24. Further downstream of the heat-sink 23 may be at least
one Cdc capacitor 20. In the embodiment of FIG. 3, two Cdc
capacitors 20 are shown in parallel with respect to the
airstream. Downstream of the Cdc capacitors 20, an Ldc
choke 19 may be provided. All or at least some of the
components mentioned with respect to FIG. 3 may be
provided 1n a cooling channel 18.

The present mnvention allows designing compact products
with an optimized lifetime. The invention may be imple-
mented 1n association with software packages for running
the motor control. Depending on the actual electric fan
motor and other components of the motor controller, the two
coupled controllers 4, 7 may be tuned such that, the fan
control may be conducted correctly for optimizing the
overall lifetime of the motor controller at cyclic mission
profiles.

The fast controlling method workable with the present
invention solves an 1ssue with tin soldering of components
such as copper windings from a magnetic, capacitive or
resistive device of the motor controller, which may be
soldered to a printed-circuit-board assembly. The tempera-
ture swing of the tin solder at a specific operation cycle of
the motor controller, may as an example be 5° C. less
according to the invention, when compared to prior art. As
a result, less stress 1s put on the tin soldering. This will
increase the overall lifetime of the motor controller or power
converter compared to devices known form prior art.

Devices known from the art usually measure temperatures
in the heat sink 23 or inverter 13 of the motor controller,
where typically the largest power losses of the motor con-
troller occur. However, devices known from prior art will
have a slower response time or no response at all depending
on the mission profile of the motor controller, and therefore
the temperature swing on e.g. tin solder in the filters 10, 12
would be higher than 1s the case with the present invention.
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The present invention 1s also directed at a process for
controlling an electric fan motor of an air-cooled motor
controller as previously described. The process comprises
controlling of the fan motor by combining the outputs of the
above-described first controller 7 and second controller 4.

The output of the first controller 7 represents a signal
which sets a base speed of the fan (Dg,,), said base speed
being based on the diflerence between a heat-sink tempera-
ture reterence (1,0 and a measured heat-sink tempera-
ture (T, .). The term base speed may be understood 1n a
broad sense and may refer to for example an average speed
in short time intervals of only a few minutes, seconds or
even milliseconds. The mput of the second controller 4
corresponds to the power loss of at least one passive
component of the motor controller. The corresponding sig-
nal 1s fed to the second controller 4 and varies the combined
output signal of the second controller 4 and first controller
7 accordingly.

The 1nvention 1s not limited to one of the above-described
embodiments, but can be modified 1n many ways.

All of the features and advantages arising from the claims,
the description and the drawings, including constructive
details, spatial arrangements and procedural steps, can be
essential to the invention both individually and 1n the most
varied of combinations.

What 1s claimed 1s:

1. An air-cooled motor controller for controlling at least
one electric motor, said motor controller comprising a heat
sink and a variable-speed fan for cooling passive and active
components ol the motor controller by means of an air
stream generated by the fan, that wherein

the controller combines a {first controller with a second

controller for controlling the fan, wherein

the first controller sets a base speed of the fan based on
the characteristics of the active components attached
to the heat sink, and wherein

the second controller 1s fed by the power loss of at least
one passive component of the motor controller for
adding an additional speed contribution to said base
speed of the fan.

2. The air-cooled motor controller according to claim 1,
wherein the first controller 1s a PI-controller responding to
the difference between a heat-sink-temperature reference
(Lsiirer) and a measured heat-sink temperature (T,,,).

3. The air-cooled motor controller according at least to
claim 2, wherein the heat-sink-temperature reference (T, .-
ref) for the first controller 1s a function of the ambient
temperature of the motor controller.

4. The air-cooled motor controller according to claim 3,
wherein the mathematical relation between the ambient
temperature and the heat-sink-temperature reference (1, .-
ref) 18 determined according to degradation laws of active
devices.

5. The air-cooled motor controller according to claim 3,
wherein the at least one passive component 1s a magnetic,
capacitive or resistive device, such as a RFI choke, a coil, an
inductor, a capacitor, a filter, in particular a 2”¢ order RFI
filter, a transformer and/or a combination of the mentioned
components.

6. The air-cooled motor controller according to claim 2,
wherein the second controller 1s a P-controller responding to
the power loss of a passive component of the motor con-
troller.

7. The air-cooled motor controller according to claim 2,
wherein the at least one passive component 15 a magnetic,
capacitive or resistive device, such as a RFI choke, a coil, an
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inductor, a capacitor, a filter, in particular a 2”* order RFI
filter, a transtormer and/or a combination of the mentioned
components.

8. The air-cooled motor controller according to claim 1,
wherein the second controller 1s a P-controller responding to
the power loss of a passive component of the motor con-
troller.

9. The air-cooled motor controller according to claim 8,
wherein the at least one passive component 15 a magnetic,
capacitive or resistive device, such as a RFI choke, a coil, an
inductor, a capacitor, a filter, in particular a 2" order RFI
filter, a transformer and/or a combination of the mentioned
components.

10. The air-cooled motor controller according to claim 1,
wherein the at least one passive component 1s a magnetic,
capacitive or resistive device, such as a RFI choke, a coil, an
inductor, a capacitor, a filter, in particular a 2" order RF]I
filter, a transformer and/or a combination of the mentioned
components.

11. The air-cooled motor controller according to claim 1,
wherein the output of the second controller 1s added to the
output of the first controller, the output of the first controller
corresponding to the base duty cycle set by heat sink and
power-module characteristics.

12. The air-cooled motor controller according to claim 1,
wherein the sum of the outputs of the second controller and
the first controller 1s passed through a limit block before
being passed to the fan.

13. The air-cooled motor controller according to claim 12,
wherein the limit block sets a mimmum and/or maximum
value of the speed of the fan, said minimum and maximum
values being functions of the overall design of the motor
controller.

14. The air-cooled motor controller according to claim 1,
wherein the at least one passive component 1s placed directly
in the air stream generated by the fan.

15. The air-cooled motor controller according to claim 1,
wherein the air stream passes through the heat sink, said heat
sink having active devices attached to 1t.

16. The air-cooled motor controller according to claim 1,
wherein 1t comprises a single fan.

17. The air-cooled motor controller according to claim 1,
wherein the base speed of the first controller essentially
equals the average speed of the cooling fan and ripple speed
related to loss vanation of the power module.

18. The air-cooled motor controller according to claim 1,
wherein the output of second controller essentially equals
the ripple speed of the cooling fan related to loss vanation
of a passive device or passive devices subjected to the
airstream of the fan.

19. The air-cooled motor controller according to claim 1,
wherein a tuning algorithm of the coupled first controller
and second controller optimizes the overall lifetime of the
motor controller at cyclic and/or non-cyclic operation of said
motor controller.

20. A process for controlling an electric fan motor of an
air-cooled motor controller according to claim 1, wherein

it comprises controlling of the fan motor by combining

the outputs of a first controller with a second controller,

wherein

as an output, the first controller a base speed of the fan,
said base speed being based on the difference
between a heat-sink temperature reterence (1,2
and a measured heat-sink temperature (T, .), and
wherein
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as an input, the second controller 1s fed the power loss
of at least one passive component ol the motor
controller.
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